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SUMMARY 

A ful l -s ize  pilot-controlled simulation of the Gemini-Agena docking has 

(1) the p i l o t ' s  
been completed by using a six-degree-of-freedom dynamic simulator. The simula- 
t i o n  was composed of three studies designed t o  investigate: 
a b i l i t y  t o  a l ine the Gemini and Agena vehicles by using only visual  information 
(no instruments) and displacement control, (2) terminal docking accuracies by 
using the direct  control mode i n  a t t i t ude  as  well as  t ranslat ion under both day 
and night l ight ing conditions, and ( 3 )  visua l  a ids  which could increase the 
p i l o t ' s  precision and confidence i n  the docking maneuver. 

Results indicate t h a t  both a lack of available visual  cues and the p i l o t ' s  
control were responsible f o r  the terminal errors .  
t i on  p i lo t s  were able t o  complete a successful docking consistently under both 
day and night l ight ing conditions. 

With adequate visual  informa- 

INTROIXJCTION 

Since the results of the Mercury program have demonstrated man's control 
and decision-making capabi l i t i es  i n  the space environment, many groups have 
studled ways t o  u t i l i z e  fur ther  the p i l o t ' s  capabi l i t ies .  
considerable work has been done (refs. 1 t o  6) involves pilot-controlled 
docking, i n  which the p i l o t  maneuvers hfs  spacecraft t o  couple, o r  dock, with 
another vehicle. One of the  primary missions of the G e m i n i  program i s  t o  
develop the  necessary techniques f o r  and t o  accomplish a pilot-controlled 
docking i n  space. 

One area i n  which 

Although e a r l i e r  studies of simulated docking ( re f .  4) have shown tha t  a 
p i l o t  can dock sa t i s fac tor i ly ,  the Gemini p i l o t  will have problems of l i m i t e d  
f ie ld  of view, visual  parallax, and cross coupling between a t t i tude  and t ransla-  
t i o n  control forces. I n  cooperation with the Manned Spacecraft Center, these 
problems were investigated i n  a fu l l - s ize  six-degree-of-freedom dynamic simula- 
t i on  of the Gemini-Agena docking u t i l i z i n g  Langley's rendezvous docking simula- 
t o r  (ref. 7). 



This report  includes the resu l t s  of the docking simulation i n  the  areas 
related t o  the p i l o t ' s  v i sua l  capabi l i t ies  and requirements. 
gated included: (1) the  p i l o t ' s  a b i l i t y  t o  a l ine the  G e m i n i  and Agena vehicles 
by using only v isua l  information obtained from ta rge t  observation, (2)  terminal 
docking accuracies with p i l o t  control during night o r  day missions by using 
visual  information only, and (3)  visua l  aids which could increase the  p i l o t ' s  
precision and confidence. 

The areas invest i -  

SYMBOLS 

t f l i g h t  time, sec 

W weight of fue l ,  lb 

x,y,z coordinate axes 

X,Y,Z longitudinal, l a t e ra l ,  and ve r t i ca l  displacement, respectively, f t  

e pitch angle, deg 

6 r o l l  angle, deg 

1cr yaw angle, deg 

Subscripts: 

C with respect t o  the  Gemini center of mass 

n with respect t o  the Gemini nose 

t translat ion f u e l  

a a t t i t ude  f u e l  

f t o t a l  fuel 

A dot over a quantity indicates the first derivative with respect t o  t i m e .  

DESCRIPTION OF APPARATUS 

Gemini-Agena Design and Characterist ics 

The Gemini spacecraft i s  a two-man vehicle designed for  orb i t s  of extended 
The Gemini duration and f o r  pilot-controlled rendezvous and docking i n  space. 

has two control systems: the 
shortly before retrograde and 
phere, and the o rb i t  a t t i t ude  

reentry control system (RCS) , which i s  activated 
used during r e t ro f i r e  and reentry in to  the atmos- 
and maneuver system (QAMS), which i s  used f o r  a l l  
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other phases of spacecraft control including rendezvous and docking with the 
Agena target  vehicle. 
( f ig .  1) i s  accomplished by selection by the p i l o t  of four functional modes of 
control, one automatic (horizon scan) and three manual ( r a t e  comand, direct ,  
and pulse).  
produces spacecraft angular r a t e  about each axis proportional t o  the displace- 
ment of the controller.  Automatic s tabi l izat ion of the angular r a t e s  i s  pro- 
vided from sensing of r a t e s  by the r a t e  gyros.  With the hand controller cen- 
tered,  o r  a t  a neutral  position, the spacecraft r a t e  about each axis i s  damped 
t o  within a small r a t e  deadband. I n  the direct  control mode the j e t s  a re  f i r e d  
d i rec t ly  by actuation of the a t t i t ude  hand controller.  Angular acceleration i s  
the maximum provided by the thrusters  f o r  the period of hand-controller deflec- 
t i on  from neutral .  
control spacecraft r a t e s  as  well as  a t t i tude .  
f i r i n g  commands a re  manually i n i t i a t e d  by hand-controller displacement. 
f ixed "on" pulse resu l t s ,  and angular acceleration i s  the maximum provided by 
the thrusters  fo r  the duration of each pulse and independent of the period of 
handle deflection. 
considered i n  t h i s  study. Translation control i s  similar t o  the d i rec t  a t t i tude  
control mode i n  tha t  deflection of the three-axis maneuver hand controller f i r e s  
the t ranslat ion thrusters  direct ly ,  with no velocity feedback signals provided. 

Control of the spacecraft a t t i tude  through the OAMS 

In  the rate command mode, movement of the a t t i t ude  hand controller 

This control mode i s  more d i f f i c u l t  since the p i l o t  must 
I n  the pulse command mode, j e t -  

A 

Only the d i rec t  mode of spacecraft a t t i t ude  control was 

I n  the direct  control mode the Gemini p i l o t  must concern himself with con- 

I n  addition t o  the normal i n e r t i a l  coupling of angular ra tes  which 
siderable cross coupling of angular ra tes  and control inputs about the space- 
c ra f t  axes. 
occurs when more than one of the ra tes  a re  f i n i t e ,  s ignif icant  coupling i s  
caused by the relat ion of the control j e t s  t o  the center of mass of the space- 
c ra f t .  The eight OAMS a t t i t ude  thrusters  a re  located a f t  from the center of 
mass near the end of the adapter section t o  provide a suff ic ient  moment arm and 
are  f i r e d  i n  pairs .  The r o l l  jets produce a couple, but f i r i n g  of the pi tch 
and yaw jets, i n  addition t o  providing the desired torques, r e su l t s  i n  space- 
c ra f t  translations.  Also, with the control configuration studied, f i r i n g  of 
the ve r t i ca l  and l a t e r a l  t ranslat ion j e t s  which w e r e  not directed through the 
mass center produced s ignif icant  a t t i t ude  torques i n  pi tch and yaw. The dis- 
turbance torque i n  pi tch and yaw introduced by the ve r t i ca l  and ' l a t e ra l  t ransla-  
t i on  thrusters  was roughly one-third of the available control power of the a t t i -  
tude thrusters .  

A 14-inch indexing rod extends from the top center of the Gemini rendezvous 
and radar module about 11 inches from the t i p  of the nose. If the terminal 
a t t i t ude  and t ranslat ion e r rors  a re  within the Agena tolerances, the indexing 
rod passes in to  a V-shaped s l o t  i n  the Agena docking cone and a l ines  the docking 
cone with the Gemini nose f o r  latching. Design docking tolerances of the Agena 
cone a re  +loo i n  a t t i tude ,  +1 foot i n  r ad ia l  displacement, W.5 foot per second 
i n  l a t e r a l  and ve r t i ca l  velocity, and 1.5 f ee t  per second i n  longitudinal 
velocity. 

The f l i g h t  control system of the Agena ta rge t  vehicle i s  designed t o  meas- 
ure and s t ab i l i ze  the a t t i t ude  of the vehicle within a sma l l  deadband re la t ive  
t o  the loca l  ve r t i ca l  during the docking maneuver. 
the  deadband w a s  disregarded i n  t h i s  simulation because the period was long and 
was believed t o  be a second-order factor  i n  p i l o t  control. 
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Simulation Fac i l i t y  and Operation 

The Gemini-Agena docking simulator involved a fu l l - s ize  model of the cabin 
and nose sections of the Gemini spacecraft ( f i g .  2), associated drive systems, 
a general-purpose analog computer, and a f u l l - s i z e  model of the Agena target .  
The f a c i l i t y ' s  design, operation, and capabi l i t ies  a re  described i n  d e t a i l  i n  
reference 7. 
tem which provided three degrees of freedom i n  a t t i t ude  (pitch,  yaw, and r o l l ) .  
The en t i re  model and gimbal system w e r e ,  i n  turn, mounted i n  a horseshoe-shaped 
frame which was suspended by eight cables from an overhead bridge-crane system. 
The e lec t r ica l ly  driven bridge-crane provided three degrees of t ranslat ional  
freedom (longitudinal, l a t e ra l ,  and ve r t i ca l ) .  Thus, the model was driven i n  
s ix  degrees of dynamic freedom t o  approach and dock with the  s tabi l ized Agena 
target .  

The Gemini model w a s  mounted i n  a hydraulically driven gimbal sys- 

The p i lo t ,  seated on the l e f t  side of the Gemini model, actuated a three- 
axis  side-arm a t t i t ude  controller located between the  seats  and a three-axis 
pencil-type t ranslat ion controller located near the l e f t  arm of his seat  t o  
conrmand the model t o  move i n  the desired direction f o r  alinement and closure 
with the ta rge t .  
t r o l l e r  closed a microswitch which transmitted a voltage t o  the analog computer. 
The analog computer solved the equations of motion and then transmitted the r a t e  
and posit ion comand t o  the appropriate drive system. 

(See f ig .  3 . )  Moving e i ther  the t ranslat ion or  a t t i tude  con- 

The ta rge t  w a s  a fu l l - s ize  model of the Agena ta rge t  vehicle suspended from 
It was painted f l a t  white and did not have latching f a c i l i t i e s  the ceil ing.  

on the docking cone. 

Computer Program 

A general-purpose analog computer closed the control loop between the p i l o t  
and the simulator. The p i l o t ' s  control inputs were transformed from the G e m i n i  
body-axis system t o  an i n e r t i a l l y  fixed axis system alined with the axes of the 
drive system and then were integrated t o  give velocity and position. 
velocity and posit ion commands were fed t o  the simulator drive systems which 
moved the Gemini model as  though it were the actual  vehicle i n  space. 

These 

P R O C E m  AND DATA ANALYSIS 

Simulation Procedure 

Docking f l i gh t s  w e r e  made using i n i t i a l  o f fse t s  from 40 t o  120 fee t  longi- 
tudinally,  up t o  5 f ee t  ver t ica l ly  and l a t e ra l ly ,  and from 50 t o  loo displace- 
ment about a l l  three axes from a wings-level/straight-ahead a t t i tude .  No in i -  
t i a l  ra tes  were used fo r  two reasons. F i r s t ,  i f  high i n i t i a l  ra tes  were used, 
the p i l o t ' s  first task  would be t o  bring the ra tes  near zero before i n i t i a t i n g  
the docking. Second, the cross coupling induced small a t t i tude  and t ransla-  
t ion  r a t e s  when the p i l o t  corrected i n i t i a l  displacements. 
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Nine National Aeronautics and Space Administration (NASA) tes t  p i l o t s  took 
par t  i n  the  s h u l a t e d  f l i gh t s .  Their background and experience w e r e  invaluable 
i n  evaluating the control task, simulator response, and p i lo t ing  techniques and 
w e r e  par t icular ly  invaluable i n  the visual-aids study which depended largely on 
p i l o t  comments f o r  evaluation. 

Data Reduction and Analysis 

Three types of data were obtained i n  the simulations: (1) data recorded 
a s  time h is tor ies  on continuous charts on 16 data channels, (2) d i g i t a l  read- 
outs of a l l  outputs recorded on tape a t  the end of each run, and (3) the p i l o t ' s  
comments. The continuous charts showed time h is tor ies  of control inputs, veloc- 
i t ies ,  and a t t i tudes  throughout each flight. 

Since f i n a l  docking accuracies could be measured and digi-bally recorded a t  
the end of each flight, most of the quantitative data are  expressed i n  terms of 
f i n a l  displacement errors ,  ra tes ,  f l i g h t  t i m e ,  and fue l  use. Displacement 
errors  were measured between the center of mass of the spacecraft and the center 
l i n e  of the  ta rge t  a t  the  termination of a docking f l igh t ;  the termination point 
defined as  the point a t  which the longitudinal distance 
became zero. 

x between vehicles 

Two d i g i t a l  computations were performed on the d i g i t a l  readout data from 
the analog computer. The velocity and posit ion e r ror  of the nose of the space- 
c ra f t  was calculated from the center-of-mass data, and then the  terminalveloc- 
i t ies ,  posit ion errors ,  f'uel use, and f l i g h t  t i m e  were averaged fo r  each s e t  of 
re la ted f l igh ts .  

The third type of data obtained - p i l o t  comments - naturally does not lend 
i tself  t o  quantitative analysis. A s  far as  qual i ta t ive data are concerned, 
comments by the t e s t  p i l o t s  have been very instructive.  
transcribed during and following the data f l i gh t s .  Because of the importance 
of the p i lo t s '  opinions, which i n  many cases were as important as the quanti- 
t a t i v e  data, p i l o t  comments have been included wherever possible i n  t h i s  report. 

P i lo t s '  comments were 

Cases Studied 

For the docking maneuver simulated, the cockpit was not instrumented; 
therefore, the  p i l o t  obtained a l l  information (range, range rate ,  a t t i tude ,  
and so for th)  from j u s t  the v isua l  cues afforded by the  Agena ta rge t .  
phases of the docking simulation, designed t o  investigate various visual  aspects 
of the Gemini docking, w e r e :  
Agena vehicles by using only v isua l  information (no instruments) and displace- 
ment control, (2) terminal docking accuracies under both day and night l ight ing 
conditions, and (3) visua l  a ids  which could increase the p i l o t ' s  precision and 
confidence i n  the  docking maneuver. I n  the second and t h i r d  phases, the d i rec t  
control mode i n  a t t i tude ,  a s  w e l l  a s  i n  translation, was used. 

Three 

(1) the  p i l o t ' s  a b i l i t y  t o  a l ine  the Gemini and 

Four t ra ined p i l o t s  took par t  i n  the f irst  phase, conducted t o  determine 
how much of the p i l o t ' s  d i f f i cu l ty  i n  properly al ining the two vehicles under 
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daylight conditions was due t o  the inab i l i t y  t o  posit ion the  Gemini t o  the 
desired location because of the control system and how much was due t o  the 
p i l o t ' s  i nab i l i t y  t o  determine visually, under daylight conditions, the correct 
alinement. To i so l a t e  this problem, the model w a s  displaced la te ra l ly ,  ve r t i -  
cally,  and i n  a t t i t ude  a t  various ranges from 5 t o  110 feet from the target ,  
and the computer operator ( ra ther  than the p i l o t )  positioned the Gemini model, 
as directed by the p i l o t  seated i n  the  model. I n  this way, any alinement e r ror  
was a result of the  p i l o t ' s  visual  capability. A f t e r  the  model and target  were 
alined t o  the p i l o t ' s  sat isfact ion,  t ranslat ion and a t t i t ude  errors were 
recorded, and the p i l o t  was asked t o  estimate the range between the two vehi- 
c les .  The range-estimation test  was made primarily t o  compare the results with 
those of a previous range-estimation study reported i n  reference 8. 

The object of the second phase of the  simulation was t o  determine the dif- 
ference i n  d i f f i cu l ty  of docking under day- t ime and nighttime l ight ing condi- 
t ions.  Day and night docking differed by two factors .  F i r s t ,  only the ta rge t  
cone was illuminated; thus, the p i l o t  had t o  use the cone i tself ,  ra ther  than 
the body of the  ta rge t ,  f o r  the orientation cues, and the lack of aspect made 
the problem, i n  effect ,  one of docking with a two-dimensional ra ther  than a 
three-dimensional target .  Second, the nose of the Gemini was not lit, so the 
p i l o t  s a w  the indexing bar only when it was silhouetted against the illuminated 
ta rge t  cone; consequently, recognition of the a t t i t ude  of h i s  own ship was made 
more d i f f i cu l t .  

Three NASA p i l o t s  who were well t ra ined i n  the docking operation took par t  
i n  t h i s  phase. 
night, and the same s e t  of i n i t i a l  conditions was used during both the  day and 
night flights. 
100-foot black curtain was suspended from the hangar cei l ing behind the target .  
The curtain hid the wall and r a f t e r s  behind the  ta rge t  and obscured the windows 
a t  the docking end of the hangar. Since a l l  the  windows of the hangar i n  which 
the simulator was located could not be covered, some ambient l i gh t  did f i l t e r  
in ,  even on a dark night. 
p i l o t  t o  become suf f ic ien t ly  dark adapted within a period from 3 t o  fs minutes 
so tha t  he could see the  r a f t e r s  above the simulator, and the r a f t e r s  coul& be 
used t o  obtain extraneous velocity cues. The dark adaptation was averted i n  
two ways: a bright l i gh t  was placed i n  the cockpit t o  destroy the p i l o t ' s  
adaptation between flights, and the p i l o t  was required t o  s t a r t  from about a 
k3-foot range, ra ther  than the 120-foot range used i n  other studies, so tha t  
by the time the p i l o t  could become suf f ic ien t ly  adapted t o  use extraneous cues, 
he was a t  such close range tha t  the ta rge t  required his full attention. 

Each made 10 docking f l i g h t s  during the day and 10 f l i gh t s  a t  

To eliminate a s  many extraneous cues as  possible, a 40-  by 

With a l l  the l i gh t s  off ,  it was possible fo r  the 

For the  t h i r d  phase, several visual  a ids  were t r i e d  on the model and t a r -  
get t o  see if such aids  could increase docking precision and p i l o t  confidence, 
par t icular ly  a t  night. 
s ib le  t o  define the optimum scheme. 
simple techniques and t o  point out those which were found t o  offer  the most 
promise . 

Since the time f o r  t h i s  study was limited, it was impos- 
There w a s  t i m e  only t o  investigate several 

P i lo t s  were t o l d  t h a t  neither t i m e  nor f u e l  was c r i t i c a l  and tha t  they 
were t o  use the closure technique which they preferred t o  e f fec t  a successful 
f i n a l  docking. A f l i g h t  was deemed successful i f  a l l  terminal conditions w e r e  
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within tolerances. A simulated fl ight which ended out of tolerance did not 
necessarily indicate tha t  the Gemini docking was unsuccessful. The low contact 
veloci t ies  used (0.2 t o  0.5 foot per second) should cause no damage, so the 
Gemini p i l o t  could back off and t r y  t o  dock again, even a f t e r  contact, i f  
necessary . 

RESULTS AND DISCUSSION 

Visual Alinement Accuracies 

Figures &(a) and 4(b) show the average errors i n  displacement and a t t i tude ,  
respectively, a t  various ranges f o r  four p i lo t s .  
the computer operator t o  the exact posit ion the  p i l o t  desired, the vehicle 
alinemen-1; errors  can be considered t o  represent the bytime docking errors  
caused by the lack of visual  cues. 
the p i l o t  had complete control a re  composed not only of these visual  errors  but 
a l so  of errors  caused by p i l o t  control. 

Sfnce the model w a s  moved by 

The docking errors  from the  f l i gh t s  i n  which 

Table I compares the v isua l  alinement errors  a t  a 5-foot range with the 
terminal displacement errors  from 30 daytime docking f l i gh t s  t h a t  were con- 
t r o l l e d  by the p i lo t s .  
contact than there a re  a t  a 5-foot range, so the vehicle alinement error  which 
occurs when there i s  no p i lo t ing  control can be considered as  representing the 
docking errors  caused by the visual  environment. The difference between the 
terminal e r rors  and alinement errors  can be interpreted as  the errors  which the 
p i l o t  e i ther  could not or, because of allowable tolerances, did not correct. 

There a re  no more v isua l  cues available a t  docking 

Table I indicates t ha t  most of the t ranslat ion errors  were caused by the 
lack of visual cues rather  than by control. The er ror  caused by control was 
more noticeable i n  the case of the pi tch and yaw a t t i tudes  (approximately 2O 
with no control)  where the  control was responsible fo r  about half of the t e r -  
minal displacement error .  
(approximately lo) and r o l l  error  caused by p i l o t  control was considerably 
higher (approximately 4 . 5 O )  than the  respective pi tch and yaw errors.  
result i s  logical  because the  angle between the Agena docking s l o t  and the 
Gemini indexing bar provides a very good r o l l  reference and because the OAMS 

R o l l  e r ror  caused by the visual  cues was much smaller 

This 

r o l l  acceleration i s  about 1A t i m e s  the  pi tch and yaw acceleration, making it 

more d i f f i c u l t  t o  make precise r o l l  corrections. 
2 

The resu l t s  of the range estimations a re  shown i n  figure 5.  A s  the f ig -  
ure i s  read from l e f t  t o  right, it can be seen tha t  the  model w a s  i n i t i a l l y  
displaced 110 feet from the  t a rge t  and was brought monotonically in to  a ?-foot 
range; the model w a s  then brought back out t o  100 fee t ,  with estimates given a t  
intermediate points. The figure shows t h a t  t he  p i l o t s  tended t o  underestimate 
the range a t  a l l  distances (compare with r e f .  8) and tha t  the  estimates were 
s l i gh t ly  more accurate as the model backed away from the  ta rge t .  The under- 
estimation provides an inherent safety factor.  
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Comparison of Day and Night Docking 

The average terminal conditions of both the  day and the night f l i gh t s  a re  
presented i n  table I1 and several in te res t ing  results a re  shown. 

F i r s t ,  as would be expected, p i l o t s  w e r e  more cautious i n  approaching the 
target  a t  night. The closure r a t e  5 w a s  lower, with a corresponding increase 
i n  f l i g h t  t i m e  t. 

Second, the terminal r a t e s  (except 2) i n  both the day and night f l i gh t s  
were low, and the difference i s  not r ea l ly  meaningful because a r a t e  of a frac- 
t i o n  of an inch per second o r  degree per second i s  below the l i m i t  of the 
p i l o t ' s  control precision with the cross coupling and control mode used. 

The t h i r d  r e su l t  of i n t e re s t  i s  the average terminal displacement. A t  
first the r e su l t s  appear t o  be ambiguous. Table I1 shows tha t  the  p i l o t s  were 
more accurate, on the average, i n  positioning the nose of the model a t  night 
but were more accurate i n  a l ining the a t t i t ude  and center of mass of the vehi- 
c le  during the day f l i gh t s .  This apparent discrepancy i s  actually a logical  
r e su l t  of the p i l o t ' s  performance of the docking maneuver under two dissimilar 
visual environments. 
a l ining the axes of the model and target  and then maintaining the alinement 
during closure t o  contact. 
because the p i l o t  could see both the nose of the spacecraft and the en t i re  body 
of the Agena ta rge t  which he could use t o  determine the  center l i n e  of each 
vehicle and thus maneuver t o  a l ine  the  two axes. A t  night, however, with only 
the docking cone illuminated it w a s  d i f f i cu l t ,  i f  not impossible, f o r  the p i l o t  
t o  determine precisely the vehicle 's  axes. P i lo t s  real ized t h i s  d i f f icu l ty  and 
apparently concentrated more on f lying the indexing bar i n to  the docking s lo t  
and paid less at tent ion t o  axis alinement; as a resu l t ,  the  p i l o t s  positioned 
the indexing bar s l i gh t ly  more accurately a t  night (about 1 inch), with a small 
sacr i f ice  i n  vehicle alinement. 

P i lo t s  preferred t o  control the  docking by i n i t i a l l y  

During day f l i g h t s  t h i s  procedure was possible 

It should be noted tha t  alinement would be much l e s s  a problem i f  it were 
not f o r  the parallax caused by the Gemini configuration. If the p i l o t ' s  l i n e  
of sight were i n  the same plane a s  the  indexing bar, he would not need t o  see 
the nose of the spacecraft o r  the body of the ta rge t  but would only have t o  
l i n e  up his eyes, the  indexing bar, and the  docking s l o t  i n  the same way the 
front  and back s ights  of a gun are  l ined up on a ta rge t .  Unfortunately, the 
p i l o t ' s  l i n e  of s ight  was displaced l a t e r a l l y  about 1.5 f e e t  from the plane of 
the indexing bar ( the  XZ-plane), causing a v isua l  angle of 9.k0 between 
"straight ahead" (pa ra l l e l  t o  the spacecraft center l i n e )  and the bar. 
parallax i s  apparent i n  figure 6 which shows the view from the cockpit with the 
vehicles alined 15 f e e t  apart. 

The 

Probably the most important r e su l t  of the  day-night study i s  the percent- 
age of f l i gh t s  i n  tolerance. A s  noted ea r l i e r ,  a f l i g h t  judged "out of to le r -  
ance" i n  the simulation does not necessarily indicate tha t  the o rb i t a l  docking 
would be dangerous o r  damaging but only that the  Gemini p i l o t  would have t o  
back off and t r y  t o  dock again. 
i n  tolerance ( tab le  11) a t  night does indicate the need f o r  some type of a i d  

The substant ia l ly  smaller percentage of f l i gh t s  
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which would increase the visual cues a t  night and thereby increase the p i l o t ' s  
confidence. 

Some p i l o t  comments on the day-night phase were: 

The depth perception a t  night i s  pract ical ly  negligible a t  distances 
greater than 5 f e e t  away. A t  about 5 f ee t  some depth cues become available, and 
within 2 feet of the ta rge t  the  depth perception i s  completely restored. 

Judgment of r a t e s  of displacement and rates of angular motion a t  n ight  
i s  a l i t t l e  more d i f f i cu l t  but i s  within a person's capability. A t  close 
ranges, t h i s  judgment poses no par t icular  problem. 
on an approach path i n  the  d a y t i m e  than a t  nighttime because of the additional 
cues tha t  are  available during the day. A t  long ranges it i s  almost impossible 
t o  determine the  extended longitudinal axis of the  ta rge t  a t  night, but a t  close 
ranges the ta rge t  cone provides suff ic ient  cues t o  determine the  axis. 

It i s  much easier  t o  s tay 

Relative motion between the  vehicles can be controlled a t  night because 
lower r a t e s  are used; because of these lower ratesca f l i g h t  requires more time, 
and more f u e l  i s  used. 

Visual A i d s  

The next logical  step w a s  t o  look f o r  a technique whereby the p i l o t  could 
e i ther  eliminate or  disregard the  parallax and whereby the p i l o t ' s  visual  cues 
would be increased. The obvious answer would be t o  place the  indexing bar and 
docking s l o t  d i rec t ly  i n  f ront  of the p i l o t ' s  eyes. 
require an in tegra l  change i n  both the  Gemini and the Agena vehicles. The 
al ternat ive,  and the course taken i n  this investigation, w a s  t o  t r y  simple v is -  
u a l  aids which could be added t o  the  existing configuration without a major 
modification and which could reduce the inaccuracies, par t icular ly  those i n  the 
nighttime docking. 

This modification would 

Two types of visual  a ids  w e r e  indicated. The first type of a id  would be 
a light t o  illuminate the nose of the Gemini so the p i l o t  could determine the  
a t t i t ude  of the spacecraft. A f loodlight mounted a t  the top of the model 
( f ig .  7) t o  illuminate the  nose was found t o  be satisfactory.  
of a i d  would provide .a reference f o r  a l ining the axes of the spacecraft and 
target .  
s i s t ed  of two illuminated l u c i t e  rods ver t ica l ly  mounted, one a t  the front  and 
one a t  the back of the ta rge t ,  along the p i l o t ' s  l i n e  of sight.  
the l u c i t e  bars mounted on the target .  
t ranslat ion reference. 

The second type 

Several a ids  w e r e  t r ied ( f ig .  8), but the most sat isfactory a id  con- 

Figure 9 shows 
The rods provided a good yaw and l a t e r a l  

The average terminal conditions f o r  the f l i g h t s  i n  which the v isua l  aids 
w e r e  used a re  compared with the terminal conditions f o r  the  day-night compari- 
son flights i n  tab le  111. When the luc i t e  rods were used, a l l  terminal U s -  
placement errors  were less than those a t  night without the  aids  and were even 
l e s s  than some of the end conditions of the day flights. 
t ions,  i n  par t icular ,  were more accurate with the v isua l  a i d  than e i the r  day 

The f i n a l  nose posi- 
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or  night f l i g h t s  without it. 
comparable. 
control. 

Final t rans la t iona l  ra tes  and f l i g h t  times w e r e  
Final  attitude ra t e s  with the  aid were higher but w e r e  w e l l  under 

Again, the most important result of the visual-aid f l i g h t s  i s  probably the 
percentage of f l i g h t s  i n  tolerance. 
be t te r  a t  night with the aids than without them. Although the percentage of 
successf'ul f l i gh t s  with the aids was  lower than i n  d a y t i m e  f l i gh t s ,  the per- 
centage would possibly be higher i f  the p i l o t s  had made more f l i g h t s  and had 
become more familiar with the aids.  

Table I11 shows that the p i l o t s  did much 

Another way of analyzing the data could possibly show the e f fec t  of using 
the visual  a id  more clearly.  
and night f l i gh t s ,  and the day-flight r e su l t s  were compared with those of the 
night f l i gh t s .  
were made by two p i l o t s  (A and D ) .  Since p i l o t s  B and C did not take par t  i n  
the visual-aid f l i g h t s  and p i l o t  D did not take par t  i n  the comparison f l i gh t s ,  
the average terminal conditions ( tab le  IV) could r e f l ec t  different  p i lo t s '  
a b i l i t i e s ,  as w e l l  as the f l i gh t  conditions and v isua l  environment. Therefore, 
only the terminal conditions fo r  p i l o t  A ,  who made both the visual-aid and com- 
parison f l igh ts ,  were averaged and tabulated i n  tab le  IV. (It should be noted 
t h a t  a l l  test  p i l o t s  who participated were w e l l  t rained, gave useful comments, 
and were able t o  control the  simulator with a l l  cross coupling t o  the  desired 
ra tes  and posit ions.)  P i l o t  A, e i ther  because of t ra ining or natural  ab i l i t y ,  
had more consisten-b and more accurate terminal conditions i n  a l l  cases flown 
than any of the other t e s t  p i lo t s .  
veloci t ies  and fuel uses were comparable. 
the f l i gh t s  with the  illuminated rods and had higher terminal angular ra tes .  
Time, of course, was not par t icular ly  important, and the angular r a t e s  w e r e  w e l l  
under control. Final  displacement errors,  the  most c r i t i c a l  end conditions, 
were as good or be t t e r  with the v isua l  aid than e i ther  day or night flights 
without it. Using the visual  aids,  p i l o t s  were able t o  approach the precision 
and confidence i n  the night dockings t h a t  they had during the day. 
increase i n  accuracy does not mean tha t  a visual  a id  i s  necessary f o r  day 
f l igh ts .  P i lo t s  agreed tha t ,  a f t e r  training, they could consistently dock 
within tolerance during the day. It does mean, however, t ha t  i f  an a id  were 
used f o r  night dockings it would not degrade and could possibly increase the 
terminal accuracy f o r  daylight dockings. 

Three p i l o t s  (A, B, and C )  par t ic ipated i n  day 

The visual-aid f l i g h t s  i n  which the  illuminated rods were used 

Table N shows tha t  the average l a t e r a l  
P i l o t  A took s l igh t ly  longer t o  make 

This 

P i lo t s  made the  following comments concerning the visual  aids: 

A s  f a r  as the technique of night f l i g h t  i s  concerned, some type of l i g h t  
on the Agena target  and some type of l i gh t  which would illuminate the  nose of 
the Gemini t o  indicate the spacecraft axes a re  needed. 

The l i gh t  on the Gemini appears t o  be minimal. 

The l i gh t  on the Gemini makes it possible t o  determine the spacecraft axes. 

The visual  a id  on the target  provides a reference 
Without an aid on the target ,  it i s  d i f f i cu l t  t o  t e l l  the re la t ive  a t t i t ude  of 
the two vehicles a t  night. 
f o r  the target  axis.  
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CONCLUSIONS 

The resu l t s  of the  simulation of the Gemini-Agena docking maneuver wherein 
the p i l o t  used only v isua l  information and d i rec t  acceleration command mode of 
spacecraft control indicate the following conclusions: 

1. P i lo t s  were confident of the docking maneuver during the day and, a f t e r  
training, could consistently dock within the Agena tolerances by using the 
direct  (acceleration-command) control mode. 

2. Most of the t ranslat ion errors  exis t ing a t  the  termination of p i lo t -  
controlled docking f l i g h t s  appeared t o  be caused by the visual  cues available. 
P i lo t s  were capable of visual ly  a l ining the Gemini and Agena within about lo 
r o l l  and 2 O  pitch and yaw a t  docking. The par t icular  control mode used could 
be expected t o  increase these errors .  

3.  The factors  responsible f o r  most of the terminal inaccuracies were the 
parallax caused by the p i l o t ' s  having t o  observe the indexing bar on the center 
of the nose of the spacecraft from h i s  seat  which was l a t e ra l ly  displaced from 
the center l i n e  of the  spacecraft and by the p i l o t ' s  i nab i l i t y  t o  separate 
a t t i t ude  and t ranslat ion errors .  

4. It appears highly desirable t o  illuminate the Gemini nose, par t icular ly  
the  indexing bar. The l i g h t  source could, conceivably, be as simple as  a 
f lash l igh t  beamed through the window by the copilot while the p i l o t  controlled 
the G e m i n i  t o  docking. 

5.  The best  t a rge t  a i d  tes ted  i n  these studies consisted of two illuminated 
l u c i t e  rods, one mounted a t  the front  and one a t  the back of the target  along 
the  p i l o t ' s  l i n e  of sight.  
good yaw and l a t e r a l  t ranslat ion reference. The aid was not necessarily optimum 
and could have been improved by mounting a horizontal  bar fo r  pi tch and ve r t i -  
c a l  t ranslat ion reference and by "color coding" the rods so  it would be easier  
t o  t e l l  them apart .  

The rods were mounted ver t ica l ly  and provided a 

6. Using the v isua l  a ids ,  p i l o t s  were able t o  approach the precision and 
confidence i n  the night dockings tha t  they had during the  day. 

Langley Research Center, 
National Aeronautics and Space Administration, 

Langley Station, Hampton, Va., October 20, 1964. 
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TABLE I.- COMPARISON OF VEH.ICI;E A L I " T  EFtRORS 

Parameter 

Lateral  error  

Vertical  e r ror  

Pi tch error  

Yaw error  

R o l l  e r ror  

Unit 

f e e t  

f ee t  

degrees 

degrees 

degrees 
- 

Alinement error  

With no 
control 

0.34 

27 

1.66 

1.15 

89 

With direct  
control mode 

0.49 

.30 

3.25 

2.82 

4.51 



'PABLE I1 . . AVERAGE TERMINAL CONDITIONS OF DAY-NIGHT COMPARISON FLIGHTS 

Displacement : 
yn. f t  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0.62 
zn. ft . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0.62 
yc, f t  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0.49 
zC, f t  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0.30 
$, deg . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2.82 
e ,  deg . . . . . . . . . . . . . . . . . . . . . . . . . . . .  3.25 
6, deg . . . . . . . . . . . . . . . . . . . . . . . . . . . .  4.51 

Rate : 
k. f t / s ec  . . . . . . . . . . . . . . . . . . . . . . . . . .  0.50 
i. f t /sec . . . . . . . . . . . . . . . . . . . . . . . . . .  0.11 
i. f t /sec . . . . . . . . . . . . . . . . . . . . . . . . . .  0.11 

G. deg/sec . . . . . . . . . . . . . . . . . . . . . . . . . .  0.60 

6 .  deg/sec . . . . . . . . . . . . . . . . . . . . . . . . . .  0.60 

8 .  deg/sec . . . . . . . . . . . . . . . . . . . . . . . . . .  0.94 

Fuel. lb: 
w t  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2.9 
Wa . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1.1 
Wf . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  4.0 

Time. t .sec . . . . . . . . . . . . . . . . . . . . . . . . . .  122 

Flights in to le rance .  percent . . . . . . . . . . . . . . . . .  97 

N i g h t  

0-57 
0.52 
0.78 
0.48 
4.86 
3.98 
5.85 

0.39 

0.14 
0.41 

0.90 

0.06 

0.55 

5.5 
2.2 

7.7 

208 

73 

14 

I 



TABLE 111.- AVERAOE TERMINAL CONDITIONS OF DAY AND NIGHT FLIGHTS 

AND NIGHT FLIGHTS WITH BAR A I D  

Day 

M splacement : 
y, . . . . . . . . . . . . . . . . . . . . . . . .  0.62 

yC . . . . . . . . . . . . . . . . . . . . . . . .  0.49 
zC . . . . . . . . . . . . . . . . . . . . . . . .  0.30 
9 . . . . . . . . . . . . . . . . . . . . . . . .  2.82 
e . . . . . . . . . . . . . . . . . . . . . . . . .  3.25 
pl . . . . . . . . . . . . . . . . . . . . . . . .  4.51 

. . . . .  . . -0.62 

Rate : 
;; . . . . . . . . . . . . . . . . . . . . . . . .  0.w 
i . . . . . . . . . . . . . . . . . . . . . . . .  0.11 
i . . . . . . . . . . . . . . . . . . . . . . . .  0.11 
4 . . . . . . . . . . . . . . . . . . . . . . . .  0.60 
6 0.60 . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . .  0.94 

Total fuel. Wf . . . . . . . . . . . . . . . . . . .  4.0 
Time. t . . . . . . . . . . . . . . . . . . . . . .  122 

Number of flights . . . . . . . . . . . . . . . . .  30 

Flights  i n  tolerance. -percent . . . . . . . . . . .  97 

N i g h t  

0.57 
0.52 
0.78 
0.48 
4.86 
3-90 
5.85 

0.39 
0.06 
0.14 
0.41 
0.90 
0 -55 

7-7 

208 

30 

73 

Bar a id  

0.46 
0.49 
0.65 
0.44 
3.68 
3.02 
3-33 

0.65 
0.11 
0.12 
1.28 
1.25 
1.66 

9.8 

166 

11 

85 



TABIZ IV . . AVERAGE TERMINAL CONDITIONS FOR PILOT A 

Displacement : . . . . . . . . . . . . . . . . . . . . . . . . .  yn 0.80 
zn . . . . . . . . . . . . . . . . . . . . . . . . .  0.60 
yc . . . . . . . . . . . . . . . . . . . . . . . . . .  0.55 

. $ . . . .  ' .  . . . . . . . . . . . . . . . . . . . . .  1.85 

. e  . . . . . . . . . . . . . . . . . . . . . . . . .  4.17 
15 . . . . . . . . . . . . . . . . . . . . . . . . .  6.62 

zc . . . . . . . . . . . . . . . . . . . . . . . . .  0.24 

Rate : 
2 . . . . . . . . . . . . . . . . . . . . . . . . .  0.67 
i . . . . . . . . . . . . . . . . . . . . . . . . .  0.05 

. . . . . . . . . . . . . . . . . . . . . . . . .  0.03 

. . . . . . . . . . . . . . . . . . . . . . . . .  0.46 
6 . . . . . . . . . . . . . . . . . . . . . . . . .  0.33 

. . . . . . . . . . . . . . . . . . . . . . . . .  0.38 

Total f'uel. Wf . . . . . . . . . . . . . . . . . . . . .  2.17 

Time. t . . . . . . . . . . . . . . . . . . . . . . .  98 

Number of f l i gh t s  . . .  : . . . . . . . . . . . . . .  10 

Flights  i n  tolerance. percent . . . . . . . . . . . . .  100 

Night 

0.79 
0.63 
0.56 
0.37 
1.97 
4.43 
7.20 

0.55 
0.05 
0.03 
0.31 
0.65 
0.45 

3.68 

153 

15 

100 

Rods 

0.35 
0.67 
0.18 

1.29 

4.34 

0.24 

2.11 

0.54 
0.08 
0.06 
1.04 
0.91 
0.56 

3.0 

199 

4 

100 
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Figure 2.- Langley rendezvous docking simulator. L-64-4307 
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Disadvantage: 
limited to day flight 

.$.& '"1:* 
.!<<%- Advantage: 

provides aspect 
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Disadvantage: 
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Figure 8. - Visual-aid techniques investigated. 
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“The aeronautical aizd space activities of the United States shall be 
conducted so as to contribute . . . to the expansion of hriman knowl- 
edge of phenomena in the atmosphere and space. The Administration 
shall provide for  the widest practicable and appropriate dissemination 
of information concerning its activities and the resulls thereof .” 

-NATIONAL AERONAUTICS AND SPACE ACT OF 1958 

NASA SCIENTIFIC AND TECHNICAL PUBLICATIONS 

TECHNICAL REPORTS: 
important, complete, and a lasting contribution to existing knowledge. 

TECHNICAL NOTES: 
of importance as a contribution to existing knowledge. 

TECHNICAL MEMORANDUMS: Information receiving limited distri- 
bution because of preliminary data, security classification, or other reasons. 

CONTRACTOR REPORTS Technical information generated in con- 
nection with a NASA contract or grant and released under NASA auspices. 

TECHNICAL TRANSLATIONS: Information published in a foreign 
language considered to merit NASA distribution in English. 

TECHNICAL REPRINTS: Information derived from NASA activities 
and initially published in the form of journal articles. 

SPECIAL PUBLICATIONS: Information derived from or of value to 
NASA activities but not necessarily reporting the results .of individual 
NASA-programmed scientific efforts. Publications indude conference 
proceedings, monographs, data compilations, handbooks, sourcebooks, 
and special bibliographies. 

Scientific and technical information considered 

Information less broad in scope but nevertheless 

Details on the availability o f  these publications may be obtained from: 

SCIENTIFIC AND TECHNICAL INFORMATION DIVISION 

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

Washington, D.C. PO546 


